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SUMMARY.
1. The damage to the apple crop in Iowa by the codling- 
moth amounts to three million dollars annually.
2. There are 2 broods of the worms, the first entering the 
fruits early in June, the second late in July and early in August.
3. Where the infestation was not severe the worms were kept 
well under control by two early sprayings with lead arsenate 
after the blossoms fell, these 10 days apart.
4. Of these 2 sprays, the first alone did almost as well as 
the 2 combined, where infestation was not severe.
5. Under badly infested conditions these 2 sprays did not 
keep the worms in check.
6. In Iowa orchards where the infestation is severe it will 
be necessary to spray during the summer.
7. In order to catch the first of the second brood worms 
spraying must be done in July. In southern Iowa it should be 
finished by mid July, in central Iowa by the 20th, in northern 
Iowa by the 25th. These dates are approximate.
8. To keep down the codling-moth spray thoroughly imme­
diately after the blossoms fall, then, if wormy apples are found 
in July, spray again for the second brood.
6
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THE CODLING-MOTH IN IOWA
Carpocapsa Pomonella Linn.
BY R. L. WEBSTER.
One-half of the apple crop in Iowa, representing a value of 
$3,000,000, is lost annually because of damage by the codling- 
moth. Yet 95 per cent of this great loss may be saved by better 
methods of treatment. Spraying properly managed is effective 
in controlling this destructive insect and reduces damage to a 
minimum.
Although control is possible, it is safe to say that every apple 
orchard in Iowa is infested with codling-moth, the extent of its 
destruction varying with the care given the trees. I f  well eared 
for and sprayed, the loss is only slight; if neglected and not 
sprayed at all, the chances are that most of the fruit is wormy. 
Apples injured by the codling-moth drop to the ground before 
sound apples and so reduce the crop on the trees at picking 
time. Windfalls bring little or no money and wormy fruit also 
is undesirable, because of the worminess and because it is unfit 
for storage.
Spraying with arsenical poisons is the most important measure 
for controlling the codling-moth and the experimental work de­
scribed in this bulletin dealt with this method. It was the pur­
pose to determine, if possible, how well the insect can be con­
trolled by spraying twice immediately after the blossoms fall, 
using a bordeaux nozzle such as is used in some of the western 
fruit growing sections. Where infestation was not severe, it 
was found that the codling-moth was kept well under control 
by two early sprayings, 10 days apart. Where the conditions 
were bad, a later summer spraying was neccessary.
APPEARANCE OF THE INJURY.
The injury of this common insect is not difficult to distinguish 
from the injury of certain other insects affecting apples. A 
“ wormy”  apple, made so by the codling-moth,is shown on the 
front cover of this bulletin, i f  at any time after the first of 
July a few apples are cut in two some of them are almost sure 
to be found wormy, especially if from an unsprayed orchard. 
In the late summer the worms are frequently found inside the 
fruit in some numbers—fat, yellowish or flesh .colored cater­
pillars, the common “ worms”  of the apple. Within the fruit, 
especially around the core, is the blackened channel through 
which the worm traveled. Most frequently the worms enter the 
apple at the blossom end, sometimes at the stem end or at the
7
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6side. Outside the apple, at the place where the worm entered, 
a heap of fine bits of brownish excrement is often found, thrown 
out by the worm from within.
Distinguished from the work of the plum-eurculio, so common 
in apples, the channels in the fruit are much larger, and
the fruit itself is not 
gnarled or knotted. The 
grub of the curculio, 
also, is much smaller 
than the apple worm, 
and is quite pale in 
color.
When it is full grown 
the common worm of 
the apple is about %  
inch long, usually flesh 
colored, but sometimes 
white, or even pinkish. 
The head is brown. The 
half-grown worms or 
larvae, are rather long 
for their breadth, and
Fig. l. The “worm” of the apple. Bn- appear to be lean and 
larged about 3 times. From Slinger- i ___ mi r. v,
land. hungry. The full grown
larva, however, is quite 
stout, having stuffed itself well from the heart of the apple in 
which it has spent practically all of its life.
The mature larva finally changes to the pupa form after 
having first spun itself up in a papery silk cocoon. This pupa 
is thè half-way stage between the caterpillar and the parent 
moth. The pupa is a light brown, mummy-like créature, with 
the legs, wings and antennae (feelers) folded tightly over the 
breast. The pupa stage is shown in fig. 2.
Fig. 2. Pupae of the codling-moth in cocoon. Enlarged. From Slinger- 
land.
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7This pupa in turn becomes a moth. The parent moths are 
brownish in color. The body is about 1-3 inch long. With 
the wings outstretched it is about 4-5 inch from tip to tip of 
the wings. The front wings have a number of greyish, wavy
cross lines, and 
at the outer mar­
gin there is a 
conspicuous, dark 
brown area. The 
hind wings are 
grey-brown, light­
er than the fore 
wings.
These l i t t l e  
brown moths de­
posit the eggs, 
from which hatch 
the larvae that 
cause so much 
damage. In the 
spring the eggs 
are deposited on 
the apple leaves, 
at a time when 
the apples are 
still very small. 
In the summer 
the eggs are com­
monly found on 
the fruit, almost 
anywhere o v e r  
the surface of the 
apple, but they 
may be laid also 
on the leaves.
Pig. 3. Adult codling-moths. The smaller figures 
are natural size; the larger twice natural size. llie tiny eggs 
From siingeriand. are o n l y  about
1-25 inch broad, and just a trifle longer than broad. To the 
naked eye they appear as tiny white, round specks. At first 
they are hard to find, but having once seen them, and looking 
at the right time, any fruit grower with reasonably good eye­
sight should be able to detect them without the aid of a magni­
fying glass. In fact every horticulturist should know what the 
eggs of the codling-moth look like, so that he may be able to 
tell when to expect the second brood of worms. A  close watch 
on the apples late in July should reveal these tiny white eggs,
9
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8Fig-. 4. Codling-moth eggs; natural size on apples at a, b, b, and en­
larged at e, es-, es, h; o shows the end of the ovipositor of the 
female. From Slingerland.
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Fig. 5. Diagram of the generations.
if any are present, and they are usually only too common. The 
eggs are shown in fig. 4.
GENERATIONS.
There are in Iowa two distinct generations of the codling- 
moth. The records of the entomological section of the Iowa 
Agricultural Experiment Station, extending now over a period 
of four years, do not show any definite indications of a third 
generation. Fig. 5 shows graphically the appearance of the 
different stages during the season. This figure is based on ob­
servations at Ames in 1912. For southern Iowa the appear­
ance of the stages is approximately a week earlier.
SPRAYING EXPERIMENTS AT AMES.
On account of the considerable discussion among horticul­
turists and entomologists over the so-called one spray method 
for the control of the codling-moth, it was decided to make an 
actual test of this method in Iowa. A  small farm orchard 
owned by I. N. Briley of Ames, about a mile west of the Iowa 
State College campus was chosen out of several orchards avail­
able for this work.
The Briley orchard consists of about 165 trees of mixed 
varieties. Of these the Ben Davis and Ralls (Janet) predomi­
nate, with a considerable number of Jonathan and Wealthy, 
several Grimes and W olf River, and a few Fameuse.
This orchard was 13 years old in 1909, the first year of the 
spraying experiment there, and most of the trees, except Jona­
thans, were bearing well. It had never been sprayed prior to 
1909.
The orchard is situated on comparatively level land, with a 
slight slope to the west, so that the west half of it is somewhat 
lower than the east half. Except where rooted up by hogs the 
orchard was in natural sod. The hogs had been kept in the 
orchard until about the 4th of July, 1909.
11
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10
TREATMENT OF BRILEY ORCHARD.
This orchard was sprayed with home-made arsenate of lead 
in 1909 and again in 1911. A  spraying had been planned for 
1910, but the destructive freeze in April of that year rendered 
spraying impracticable for the purposes of this experiment on 
account of the short crop of fruit.
Practically the whole orchard was sprayed twice after the 
blossoms fell, following to a considerable extent the methods 
of Dr. E. D. Ball, of the Utah Agricultural Experiment Sta­
tion.1 The two treatments were about ten days apart. Two 
applications were made in order to place the poison in the calyx 
cups of all the varieties, because of the difference in the time 
the blossoms fall in the several varieties. The first spraying 
was timed to be correct for Ben Davis, the second was about 
right for the Ralls, a late blossoming variety.
Records of sound and wormy fruit were kept on 12 trees in 
the orchard, on some of which the treatments were varied. 
Three of the 12 trees were left unsprayed.
1Utah Agr. Exp. Sta. Bui. 00, 1906.
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(B) Ben Davis; (Ch) Cherry; (P) Fameuse; (G) Grimes; (J) Jonathan;
(R) Ralls; (We) Wealthy; (Wo) Wolf River; (T) Young tree;
(?) Variety uncertain.
Home-made arsenate of lead, prepared according to the fol­
lowing formula, was used in this spraying:
Arsenate of soda ........... ....................................... ...........4 ounces
Sugar of lead .................................................................... 12 ounces
Water _______ . . . . , ; .................................................. 50 gallons
This arsenical was used without a fungicide, no bordeaux 
mixture or lime sulfur entering into the combination.
A Gould’s “ Admiral”  double-acting pump was used for this 
work, a pump of the horizontal type. This was placed in a 
wagon bed, with two barrels of spray mixture, each of which 
was filled only about half full to avoid spilling. Twenty-five 
feet of 5-ply discharge hose was used, with a ten foot bamboo 
rod. The single bordeaux nozzle was attached by an elbow, so 
that it was at an angle of 45° to the rod. The trees were not 
very high, and in most cases it was found that the whole trees 
could be sprayed from the ground with the ten foot pole.
Exeept for the few trees sprayed with a vermorel nozzle at 
a lower pressure, the pressure used was about 100 pounds. In 
1909 this was kept up without very great difficulty, but in 
1911 that pressure could not be maintained by hand, and in 
that spraying it ran about 75 pounds. The pump seemed to 
work harder in the 1911 spraying, although apparently it was 
in excellent condition. Contrary to various claims that high 
pressure may easily be kept up by hand, it must be said that 
such work is not child’s play. The coarse bordeaux nozzle 
used so much liquid that constant pumping was required.
The ease with which one could use the bordeaux nozzle with 
the 45° angle was indeed surprising. It was a comparatively 
simple matter to sweep up and down a tree, shooting the liquid
©D ©  ©
© ® © © ©
© A®  ® ®  ©
© © © © © © „
Pig. 7. Diagram of Briley orchard.
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I12
down from above, in from the sides, and upward from below. 
With the angle at the end of the rod one could reach easily 
many blossoms on the trees which otherwise would have re­
quired frequent steps to one side or the other by the operator. 
It was evident that thorough and rapid spraying were easily 
secured by this combination.
Where the vermorel nozzle was used the pressure was re­
duced to about 50 pounds, and the nozzle was placed straight 
on the end of the bamboo rod. Spraying in this way was very 
slow compared to the spraying with the bordeaux nozzle and 
a higher pressure.
12 trees on which all the fruit was counted. Both the wind­
falls and. the picked fruit were taken into consideration in 
making the final averages. The fruit was classed as wormy or 
sound, and the wormy apples were divided into 3 classes: (1) 
wormy at the calyx, (2) wormy at the side and (3) “ blind.”  
These last were apples into which a worm had eaten, but had 
gone only a short distance, and had died from poison, or from 
some other cause. In the tables these are considered as wormy 
apples.
Each of these 12 trees was surrounded by sprayed trees. 
They were, then, “ single check”  trees,-as termed by Dr. E. D. 
Ball.1 By scattering these trees over the whole orchard it 
was possible to make better comparisons which took into con­
sideration the difference found in the infestation in various 
parts o f the orchard.
Fig. 8. Two kinds of elbow 
pipes.
Fier. 9. The “Angle 
Friend” nozzle.
RECORDS.
All windfalls were gathered twice a week from beneath the
1Journ. Eeon. Ent. Vol. V , p. 148, 1912.
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Fig. 10. Young fruits ready to spray. From Slingerland.
THE RECORD TREES.
An itemized statement of the treatment and varieties of the 
12 record trees follows. The treatment in 1911 was the same 
as in 1909.
1. Bordeaux nozzle on 45° crook, pressure high.
a. Sprayed first time only.
1. Tree C. Ben Davis.
2. Tree I. Jonathan.
b. Sprayed second time only.
3. Tree A. Ben Davis.
4. Tree D. Ben Davis.
c. Sprayed first and second times.
5. Tree B. Ben Davis.
6. Tree K. Grimes.
2. Vermorel nozzle on straight rod, pressure low.
d. Sprayed first time only.
7. Tree F. Jonathan.
e. Sprayed second time only.
8. Tree G. Jonathan.
f. Sprayed first and second time.
9. Tree H. Jonathan.
3. Not sprayed.
10. Tree E. Ben Davis.
11. Tree J. Jonathan.
12. Tree L. Grimes.
The location of these trees in the orchard is shown in fig. 7.
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Fig-. 11. Too late to spray. From Sling-erland.
Single unsprayed trees left among sprayed trees in an or­
chard would affect the other trees, since there would be a dif­
fusion of the moths of the summer brood from the unsprayed 
trees. To reduce this diffusion the unsprayed trees were 
banded. But since the unsprayed trees were to be compared 
with sprayed trees scattered over the orchard, those sprayed 
trees from which the records were taken were also banded, so 
that the comparison would be more nearly an even one.
These bands were of burlap and were placed around the 
trunks of the record trees. They were examined twice a week 
throughout the season, the number of larvae found recorded, 
and these killed. The band records are given elsewhere in this 
bulletin.
One factor in this experiment, overlooked when the orchard 
was first picked out, was the presence of a large crabapple tree 
to the south, outside the orchard itself. During the summer of 
1909 it was found that this one tree was infesting the whole 
orchard, and tree L, which was not sprayed and was nearest the 
crab, was consequently very badly infested. So while the south 
part of the orchard was much infested, the infestation decreased 
toward the north portion. This made the comparison of trees 
difficult. Trees of the same variety may be compared one with 
the other, however, for they are all approximately the same dis­
tance from the south part of the orchard. So the Ben Davis 
trees at the north may be compared, the Jonathans in the mid­
dle and the two Grimes at the south. In order to show the dif­
ference in infestation, the record of the 3 unsprayed trees in 
1909 and 1911 is given herewith.
16
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TABLE I— SOUND APPLES ON UNSPRAYED TREES.*
1909 1911
02.55%
34.73%
17.20%
74.89%
73.06%.
39.68%
34.82% 62.54%
♦The term “sound apples” refers to all those not infested by codling-moth 
larvae. In these counts (Table I) all windfalls as well as picked fruit are 
included.
It is evident that the Grimes tree in the south part of the 
orchard was much more infested than the others in both years, 
although considerable worse in 1909. Moreover the difference 
in infestation between tree E and tree L is consistent in the 
two years; a difference of 35 points plus in either case. How­
ever, this difference in infestation is not consistent for tree J.
SPRAYING IN 1909.
The first spraying in 1909 was made when about 80% of the 
blossoms had fallen. On some varieties all the blossoms were 
gone. The dates for the first application were May 28 and 29; 
for the second, June 8 and 10. A  heavy rain came on the night 
of June 8, and a steady drizzle all day on June 9 prevented 
work that day. The spraying was finished on June 10. The 
part sprayed June 8 was not sprayed again. Since the season
TABLE II.— W INDFALLS, 1909.
Tr
ee
TREATMENT
Wormy Apples
Sound
Apples
Total
Apples
Calyx Side Blind Total
A 2 coarse _________________ 38 12 3 53 380 433
B 1 and 2 coarse_____ _____ 9 6 0 15 91 106
O 1 coarse _ — 46 34 3 83 434 517
D 2 coarse - 1 ____________ 51 13 1 65 180 245
E Unsprayed . ----- 98 28 1 127 181 308
F 1 mist _____  --  _______ 11 3 0 14 10 24
G 2 mist ___ * ___ __ 25 7 0 32 20 58
H 1 and 2 m ist____ M 56 17 1 74 39 113
I 1 coarse______ _ 2 0 0 2 15 17
J ■Unsprayed _________  - - 73 ■ 12 0 85 17 102
K 1 and 2 coarse _ ______ 55 16 6 ■  77 63 140
L Unsprayed____________ 303 30 0 333 48 381
17
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was a late one these dates are consequently later than normal 
for calyx spraying at Ames. No attempt was made to save 
spray material in these 2 applications. In the first spraying 
3.6 gallons were used to a tree, in the second 3.9 gallons. The 
trees were then 13 years old and 15 to 20 feet high.
Late in June the burlap hands were placed on the 12 trees on 
which records were kept, and the hand records and windfall 
counts began July 5. These records were taken either by the 
writer, 6r by Henry Ness, who served as assistant in the insec­
tary a part of the summer of 1909.
THE RECORDS.
In 1909 an attempt was made to separate the work of the 
two broods of worms by counting all the apples on the trees 
early in August. This was not satisfactory, for in checking 
over these midsummer counts with those of the picked fruit 
and windfalls of the season many discrepancies were found.
Table II gives the records of the windfall apples for the 
whole season.
All the apples on these 12 trees were counted on October 11 
and 12, the results of which counts are given in table III.
TABLE I I I — PICKED FRUIT, 1909.
1 T
re
e
TREATMENT
Wormy Apples SoundApples
Total
Apples
Calyx Side Blind Total
A 2 coarse________________ 71 • 11 82 609 751
B 1 and 2 coarse ________ 12 3 15 439 454
0 1 coarse___ _______ _ 8 50 10 60 1,144 1,204
D 2 coarse _ _ ____ 70 O S5 341 426
E Unsprayed _____ ________ 168 17 180 159 339
F 1 mist ____________ 5 1 6 16 22
G 2 m is t__ ______________ m 8 5 IS 44 57
H 1 and! 2 mist_ i__________ 89 9 48 265 318
I l eoajse - » _____ _
J Unsprkyed ______________ 22 2 24 41 65
K l aiod 2 coarse.. ______ _ SO 6 30 12S 164
L Unsprayed _ .____________ 27 I §1  r-' 28 27 55
In the case of tree I, where no figures are given, the apples 
had been picked by the owner by mistake. A  count of all the 
fruit on tree I early in August gave only 53 apples on it.
Since a large amount of the wormy fruit on an apple tree 
drops to the ground, any representation of the loss or gain 
which does not take into consideration the windfalls, is faulty. 
A§, the counts in this experiment include windfalls as well as 
the picked apples these are combined in Table IV, whieh is 
given herewith:
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TABLE IV — 'WINDFALLS AND PICKED FRUIT, 1909.
Tr
ee
TREATMENT
Wormy Apples
Sound
Apples
Total
Apples
Calyx Side Blind Total
A 2 coarse -----  -------- -- 100 23 3 135 1,049 1,184
B 1 and 2 coarse___________ 2J 9 0 30 530 560
C 1 coarse----- ----------  ------ 90 44 3 143 1,578 1 ,72a
D 2 coarse ----- ------------------- ISO 19 1 150 521 671
E Unsprayed ---------------------- 261 45 1 307 340 647
F 1  m ist_________________ 16 4 0 20 26 46
G 2 mist __________________ 33 12 0 45 70 115
H I and 2 mist— ----------— 96 26 1 122 304 426
I 1 coarse ——  ---------------- __ — - -  . ^  1
J Unsprayed .  8$---------------- 95 14 0 109 58 167
K 1 and 2 coarse!________ 86 22 e 113 191 304
L Unsprayed ______________ 330 31 0 361 75 436
From the sound and wormy apples in table IV the per­
centages of sound fruit in the next table are computed. & No 
figure is given for tree I in this table for the reason given 
above.
TABLE V — PERCENTAGES OF SOUND FRUIT, 1909.
T
re
e
TREATMENT Per cent.
4 88.50
B 94.64
0 91.74
D
E
77.64
82.55 .
F 56.52
G 60.86
H 71.36
I
J 34.73
K 62.82
L 17.20
SPRAYING IN 1911.
The blossoming period in 1911 was about normal, and the 
first spraying at the I. N. Briley orchard was done May 16 to 
18. This application was a few days later, relative to the 
blossoming, than the first application in 1909, since, save on 
the Ralls trees, the blossoms were all down. On some varieties, 
such ais . the Grimes, the apples were well formed, but this
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was not generally the ease. The single strength home-made 
lead arsenate was used, without a fungicide, as in the 1909 
work. Difficulty was encountered in securing sufficient pres­
sure in the first spraying and the pressure ran at about 75 
pounds.
The second application was made May 25 and 26. By this 
time the small apples had already attained some size. In fact 
the spraying was later than it properly should have been done 
for most of the varieties, except, of course, for the Ralls. W olf 
River apples by this time had become quite sizable. It was
TABLE VI— W IN D FALLS, 1911.
Tr
ee
TREATMENT
Wormy Apples SoundApples
Totajl
Apples
Calyx Side Blind Total
A 2 coarse _______  ______ 02 101 10 178 1,030 1,203
B 1 and 2 coarse____  ___ 17 30 3 50 432 482
O 1 coarse ______  ______ 13 34 1 48 1,002 1,050
D 2 coarse __________ 55 82 16 163 838 991
E Unsprayed — ______ 42 28 0 70 367 437
F 1 mist ___________________ 19 11 2 . 32 128 160
G 2 mist __________________ 22 15 1 38 66 104
H 1 and 2 mist__________ 30 8 0 38 99 137
I 1 coarse _____  _______ 3 8 0 11 47 58
J Unsprayed -------- --------- - 48 25 3 76 188 264
K 1 and 2 coarse----- -------- 60 32 3 95 164 250
L Uosprayed -----------------  - 126 31 2 159 99 258
again found very difficult to secure good pressure with the 
hand outfit in this last spraying, and it hardly exceeded 50 
pounds.
TABLE VII.— PICKED FRUIT, 1911.
Tr
ee
TREATMENT
Wormy Apples SoundApples
Total
Apples
Calyx Side Blind Total
A 2 coarse ________________ 139 11 0 150 701 851
B 1 and 2 coarse ________ 27 27 1 55 645 700
0 1 coarse ________________ 20 25 1 46 1,103 1,149,
D 2 coarse______________ 105 14 0 119 462 581
E Unsprayed ____________ 160 13 0 173 358 531
P l  mist ___________  ____ 11 0 0 11 64 75
G 2 mist _________________ 10 3 1 14 45 59
H 1 and 2 mist____________ 26 4 0 30 94 124
I 1 coarse ________________ 6 4 0 10 132 142
J Unsprayed ________ _____ 58 2 0 60 181 241
K 1 and 2 coarse ___ . .  . 48 8 0 56 187 243
L Unsprayed’ ______ _______ 34 0 0 34 28 62
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THE RECORDS.
Windfalls were gathered twice a week by H. E. Ewing, in- 
sectary assistant, or by the writer. The windfalls for the sea­
son are given in table VI.
The apples were picked and counted October 4 to 11, and the 
results from these counts are given in table VII.
In order that accurate comparisons could be made the same 
record trees were used in 1911 that bad been used in 1909.
Assembling the figures from tables VI and VII the results 
of the counts of all the apples on the 12 trees are given in table 
VIII.
TABLE VIII.— W INDFALLS AND PICKED FRUIT, 1911.
Tr
ee
TREATMENT
Wormy Apples SoundApples
Total
Apples
Calyx Side Blind Total
A 2 coarse — -------- ------------ 201 112 10 323 1,731 2,054
B 1 and 2 coarse---------------- 44 57 4 105 1,077 1,182
C 1 coarse -------- ---------------- 33 50 2 94 2,105 2,199
D 2 coarse ________________ 160 96 16 272 1,300 1,572
E Unspnayed ___________  - 2021 41 0 243 775 968
P 1 mist ________  _______ 30 11 2 43 192 235-
G 2 mist -  — ____________ 32 18 2 52 111 163
H 1 and 2 mist__________ 60 12 0 68 193 201
I 1 coarse _________ ______ 9 12 0 21 179 200
J Unsprayed ______________ 100 27 3 136 309 505
K l and 2 coarse___________ 108 40 3 151 351 502
¡L Unsprayed _____________ 160 31 2 103 127 320
Computing into percentages the sound apples from table 
VIII the amount of sound fruit on the 12 trees, windfalls and 
picked fruit together, the following results are obtained:
TABLE IX.— PERCENTAGES OF SOUND FRUIT, 1911.
| T
re
e
TREATMENT Per cent.
A 2 coarse .. .. 84.27
B 1 and 2 coarse_______ _ _ __________ ___ __________ _ __ ______ _ _ 91.11
0 1 coarse 05.72
D 2 coarse S2.60
E TT n spr a y 74. £0
P 1 mi,st ...... 81.70
G 2 m ist_______ ___ . 68.09*
H 1 and 2 m is t .............. 7ä
I 1 coarse ______________________ _ 89.50
J Unsprayed __________________________________ _ __ 73.00
K 1 and 2 coarse______________________________ __ _________ 69 9ZL_ Unsprayed _________________ 39.68
It has already been noted that there was much difference in 
the infestation in the north and south parts of the orchard.
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On this account it is unfair to compare directly a tree in the 
north part with one in the south part. For a fair comparison, 
the results from the counts on the 12 trees are arranged ac­
cording to the percentage of sound fruit thereon. Owing to 
the lack of a definite figure for tree I in 1909, this is left out, 
so that the 1909 column is short the data for one tree.
TABLE X .— ¡SOUND FRUIT ON RECORD TREES, 1909 AND 1911.
1909 1911
R
an
k
Tr
ee
TREATMENT
P
er
 c
en
t, 
so
un
dl
fr
ui
t
Tr
ee
TREATMENT
P
er
 c
en
t, 
so
un
d 
fr
ui
t
1 B 1 and 2 coarse.. 94.64 O 1 coarse _____ 95.72
2 C 1 coarse _ .---------- 91.74 B 1 and 2 coarse 91.11
3 A 88.59 I 89.50
4 D 77.64 A 84.27
<5 H 1 and 2 mist----- 71.36 I) 2 coarse _____ 82.66
6 K 1 and 2 coarse.. 62.82 F 1 mist ______ 81.70
7 G 2 mist ____ 60.80 E Unsprayed . . . . 74.89
8 F 1 mist .  ---------- 56.52 H 1 and 2 mist— 73.94
9 E Urasprayed — - - 52.55 J Unsprayed ----- 73.03
10 J Unsprayed ----- r— 34.73 K 1 and 2 coarse 69.92
11 h Unspnayed - — 17.20 Gr 2 mist _______ 68.09
12 L Unsprayed ___ 39.68 .
DISCUSSION OF RESULTS.
In examining the percentages of sound fruit on the record 
trees (table X ) one thing is evident at the start,— the excessive 
worminess of the trees toward the end of the series, those in the 
south part of the orchard. From the counts on the 3 unsprayed 
trees this difference is made more evident, since tree E is much 
less infested than tree L in both years.
RESULTS ON BEN DAVIS TREES.
Of the 5 Ben Davis trees to the north in the 1909 spraying, 
tree B, sprayed the first and second times, with the coarse noz­
zle, holds first rank. This is followed by tree C, sprayed the 
first time only, with the coarse nozzle. But there is another 
point to be remembered about tree C, its position to one side 
of the orchard. This is a very favorable position, as there was 
less infestation here. Trees A  and D are in third and fourth 
rank, tree A  following close on its predecessor with 88+ %  
sound fruit, but D with only 77+ %  sound fruit, not an espe-
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I  daily good showing. Tree D is to one side from the other 4 
I  trees probably in a more infested part of the orchard. It may 
I  be noticed that trees D and A  were given precisely the same 
I  treatment, yet tree D has considerably more wormy fruit. Tree 
I  E, unsprayed, and about the middle of the Ben Davis trees,
■ holds 9th place in the series, having only 52% sound fruit.
In the 1911 records for these 5 trees, trees C and B hold
■ first and second rank, positions just reversed from 1909, but 
I  the position of tree C to one side of the orchard, consequently 
I  less liable to infestation, throws a doubt on its title to first I place Trees A  and D, with the same treatment, rank 4th and 
15th in the series. Tree E ranks 7th, being unsprayed, and
■ with 74% sound fruit. . . ,
Thus', on the Ben Davis trees for the 2 years it is seen that
■ where the percentage of sound apples on unsprayed trees was
■ from 52 to 74%, the worms were controlled fairly well by the
■ first and second sprays, or by the first alone, but not so well 
I  by the second spray alone.
RESULTS ON JONATHAN TREES.
About the middle of the orchard are 2 rows of Jonathan trees. 
I  These trees had only light crops in both years they were sprayed, 
I  though fairly loaded with blossoms in the spring. _
Of the Jonathans in 1909 tree H holds fifth rank, with G, 
I  seventh, and F, eighth. All three were sprayed with a ver-
■ morel nozzle and low pressure. Comparing with tree J, the 
1  Jonathan check, it is seen that the spraying greatly reduced
■ the number of wormy apples, although many still remained. 
I  However, the spraying was not sufficiently effective to be con- 
Isidered a successful treatment. Unfortunately no figures for
■ tree I are available for 1909, and no comparison can be made
■ directly with a tree of that variety sprayed with a bordeaux
■  nozzle and a higher pressure. %
In the list of the Jonathans in 1911, tree I, sprayed the first 
I  time only, bordeaux nozzle, is in third rank, but ahead of all
■  the other Jonathans. It is followed by F in sixth rank, H in
■  the eighth rank, J (unsprayed) in ninth place and G in
■  eleventh place. From this one must consider that the treat- 
I  ment of tree I was much more of a success than that of tree 
|  F or H. The treatment of G (sprayed 2nd time only, | ver- 
I  morel nozzle) was worthless. This tree had even less fruit on 
l i t  than tree J, which was unsprayed. But, as stated before, 
I  the second spray in 1911 was really too late for effective treat-
■  merit on most of the varieties.
Little attempt will be made to generalize from these Jona- 
Ithan  trees. There was little fruit on them either year and in 
1 1909 there is no record for tree I. Moreover, in 1909, at least,
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they cannot be compared directly with the Ben Davis trees, 
less infested, although in 1911 there was little difference in in­
festation, as shown by comparing trees E and J. But the coarse 
spray shows up better than the fine, and the first spray alone 
better than the second alone.
RESULTS ON GRIMES TREES.
The two remaining record trees were Grimes trees on the south 
edge of the orchard. Although tree K received 2 sprays with 
the coarse nozzle, a spraying that was effective in the Ben 
Davis trees at the north end, yet in neither year were the worms 
kept down in a satisfactory manner. In 1909 tree K had 62% 
sound apples, in 1911 69%. When compared with its neighbor, 
tree L (unsprayed), it is seen that much benefit was effected, 
for tree L had only 17% sound apples in 1909 and 39% in 
1911. Of course, the reason for this heavy infestation at this 
part of the orchard is known, the old crab tree outside the 
orchard to the south. But it is quite evident that the 2 spray­
ings on tree K were not sufficient to keep down the worms.
RESUME.
From the records obtained, and the conditions of infestation 
by codling-moth in the Briley orchard, it is evident that a 
spraying treatment which proved fairly effective where an un­
sprayed tree had from 52% to 74% sound fruit, was less satis­
factory among trees more infested, and quite unsatisfactory 
where unsprayed trees had only 17% to 39% sound fruit. This 
was the treatment with the bordeaux nozzle on a 45° crook, 
pressure about 100 pounds, the first application being made 
immediately after the blossoms had fallen and the second about 
10 days later, either the two applications or the first only. 
This spraying was supplemented by banding on the record 
trees.
EFFICIENCY OF TEE SPRAYING.
At the end of the season in 1909 it was noticed that the re­
sults for some of the trees were not so good as expected, but 
to compare results further the spraying was carried on in 
1911 in the same way as before. But the percentage of calyx 
wormy apples (table X I) shows that either the poison was 
not supplied in sufficient strength or it was not forced into the 
calyx in sufficient quantity to kill a high percentage of those 
worms entering the calyx. When these percentages of calyx 
wormy apples are compared with certain results obtained by 
workers in other states, they are extremely high. Efficient 
calyx spraying shows few calyx wormy apples. However, this 
much is made clear by the 1911 spraying, that those trees
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treated with the coarse spray, first time only, or first and sec­
ond times, show, with the exception of tree K, a decidedly less 
per cent of calyx wormy apples.
TABLE X I.— PERCENTAGE OP WORMY APPLES, CALYX WORMY.
1909 1911'
A  2 coarse ______ —---------------------------------80.74
B 1 and 2 coarse — ------------------------------70.00
C 1 coarse —  :--------------- 67.13
D 2 coarse ____ ——---------------------------------86.00
E Unsprayed ------  815.01
E 1 mist  --------.----- ----------------------——  80.00
Gt 2 mist ____________   73.33
H 1 and 2 mist — — — — —---------------------77.80
I 1 coarse ____________ ______ ________
J Unsprayed ___ i------------------------------------- 87.15
K 1 and 2 coarse -------------- ------ .-------------- 75.22
L 1 Unsprayed ----------------------------------------— 91-41
62.22
41.90 
35.10 
68.82 
83.12 
69.70 
61.513 
82.35 
42.85 
77.94 
71.S2
82.90
In comparison with the excellent results obtained recently by 
Rumsey in West Virginia,1 G-ossard in Ohio,2 Felt in New 
York,3 Melander in Washington,4 Quaintance et al. in Ar­
kansas, Virginia and Michigan,5 and by others, the Iowa rec­
ords are low. Several factors may be responsible. Elsewhere 
the spraying was done with power sprayers and higher pressures. 
Yet every effort was taken in the Iowa work to spray the trees 
thoroughly, and the writer himself handled the rod in all this 
work. To what extent the home-made lead arsenate is respon­
sible for no higher efficiency is a question. Having used this 
alone, there is nothing with which to compare it. Probably 
this home-made material should have been used at a greater 
strength. It is much better, in general practice, to use a stan­
dard brand of some prepared lead arsenate, and not less than 
4 pounds of the paste to 100 gallons of water.
TREATMENT ADVISED.
In making definite recommendations for the control of the 
codling-moth in Iowa the writer has considered the recent 
work of entomologists in other states, to which reference is 
made in footnotes, as well as the results reported here.
W H EN  TO SPRAY.
Any owner of an apple orchard in Iowa who expects to con­
trol the codling-moth in it must take special pains to spray 
just as thoroughly as he knows how within a week after the 
blossoms fall. The importance of this one spray cannot be 
emphasized too strongly.
*W. Va. Agr. Exp. St a. Bui. 127, 1910.
2Ohio Agr. Exp. Sta. Bui. 191, 1908. 
sJourn. Eeon. Ent., vol. V , p. 153, 1912.'
4Wash. Agr. Exp.. Sta. Bui. 103, 1911.
BU. S. Dept. Agr. Bur, Ent. Bui. 115, part II, 1913.
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In an orchard of both early and late blooming varieties a 
supplementary early spraying may be necessary. This would 
come about ten days after the first spraying. However, if the 
blossoms appear at practically the same time, and the first 
spraying is well done, this second application may be omitted.
Summer treatments are likely to be necessary in badly in­
fested orchards, or where there is danger of outside infesta­
tion. From the spraying at Ames it was seen that where the 
infestation was not severe, the early treatments kept the worms 
well under control. Any summer spraying for the codling- 
moth, however, is more or less of a makeshift, since it is prac­
tically impossible to cover all the apples so there is no place 
for the second brood worms to enter without touching some 
poison. Also as the worms are hatching out for fully a month 
during the summer, and the fruit growing during this time, 
it is very difficult to keep apples covered with poison. The 
most dependence must be placed on the calyx spraying, after 
the blossoms fa ll; this to be supplemented by summer treat­
ment for the hatching second brood larvae, if the calyx spray­
ing has not kept the worms under control. The fruit-grower 
should watch his trees carefully during July for wormy ap­
ples, and also for second brood eggs, then use his own judg­
ment as to the necessity of a summer spray.
On account of lack of definite data as to the hatching of 
second brood eggs, many Iowa fruit men have been spraying 
later than they should. In fact some men have been applying 
poison in the summer when at least half of the worms had al­
ready hatched. From many notes made during the past four 
years it is now possible to tell with some degree of certainty 
when the second brood eggs are laid and when they may hatch.
At Hamburg, in 1912, eggs hatched as early as July 16, and 
from then on through the month. This was about the same 
time that the Yellow Transparent apples began to ripen. In 
extreme southern Iowa, then, any summer spray that is to 
catch the first of these worms should be on the trees at this 
time.
The precise time to apply this spray will depend somewhat 
on the time it takes to do the work. I f only a day is required, 
it could be safely applied in the middle of the month. I f a 
week or ten days is necessary, the work should be started early 
enough so that it may be finished by mid July. In cases of 
extreme infestation two summer treatments may be necessary, 
the second following the first by about two weeks.
For central and northern Iowa the eggs will hatch somewhat 
later, but the time of the first ripening of the Yellow Trans­
parent apples will no doubt indicate the date of hatching there 
also. In order to catch the first of the worms in central Iowa
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spraying should be finished by the 20th of July, as nearly as 
it is possible to estimate from the available notes on the egg 
hatching in midsummer. At Ames empty eggs have been 
found as early as July 23 and 24, so that the date given is ap­
proximately correct.
Practically no observations were made in northern Iowa on 
the codling-moth. A  single note made at Arlington, Fayette 
county, August 3, 1910, shows that most of the eggs present 
at that time had hatched, although some were still hatching. 
Judging from this and from the difference between Ames and 
southern Iowa, a spray to catch the first of the second brood 
worms in northern Iowa should be on the trees by July 25.
p HOW TO SPRAY.
Use a power sprayer if possible, if not, a good hand pump 
capable of at least 100 pounds pressure. With a power ma­
chine an orchard can be covered more quickly, more thoroughly 
and with better results; 150 pounds pressure is usually 
plenty with a power, sprayer, although some people use and 
advise as much as 200 pounds or over. Enough of the poison 
to do the work should be* usedj/leqd atrsepate is cheaper than 
wormy apples. *, • „ *.* ° ‘ ° * V * • • / .  \
In the calyx spray" when the - blossom's are down, the pur­
pose is to get the poison» inlqd'hCtalyx; °c If it is not put there, 
wormy apples will /ekhlt/ »mattef how much ^ foliage is cov­
ered. One- tannot; expect to ‘ ‘ spray 3 at ”  fa tfee and obtain 
satisfactory results. j§pray|4g & ttvpTk," but when it is 
well done there is no "quef&tioh»as“to that “ it pays.”
In case of large trees a tower is necessary. It is possible for 
a man to spray a whole tree easily from the tower. The writer 
used to think that the man on the ground could catch most 
of the blossoms and do the work more effectively, until he 
tried spraying from the tower.
Angle nozzles save the man on the ground many steps and 
the man in the tower much turning and twisting of the body.
For the calyx spraying it appears that a coarse nozzle is 
preferable to a fine one. The work done in the Briley orchard 
was practically all done with a bordeaux nozzle. However, 
the work of Felt in New York shows that nozzles of the 
“ Friend”  type may be used in the early spraying with very 
high efficiency. Gossard in Ohio showed that drilled out ver- 
morel nozzles gave high results in calyx spraying. Where the 
effort is to place poison in the calyx it is evident that a coarse 
nozzle is rather more effective than a fine one and nozzles of the 
‘ ‘ Friend ’ ’ type are apparently as useful as a bordeaux noz­
zle. But where the effort is to cover'foliage, as in the summer 
spray for codling-moth, or for any foliage diseases, then a finer 
nozzle should be used.
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W ITH  W H AT TO SPRAY.
For the codling-moth never use less than 4 pounds of lead 
arsenate paste (or 2 pounds of the powdered material) to 100 
gallons of water. This should be sufficient for any treatment. 
There are more failures on account of careless application than 
of an insufficient amount of poison. The reader is referred 
to the spraying calendar of this station, Bulletin 127, for the 
proper fungicides to use in Iowa orchards.
LIFE HISTORY OF CODLING-MOTH.
Records of various stages of the codling-moth were taken in 
certain orchards near Ames and elsewhere in the state during 
several years and these were supplemented by experiments 
in the insectary. The number of larvae caught under the bur­
lap hands tied around the base of infested apple trees was 
also recorded in four different years. These notes are not so 
complete as desirable for the state as a whole,. but they throw 
considerable light on the seasonal history of the codling-moth, 
since few definite facts have, been previously recorded for this 
state. A  knowledge pf'the fafe "history of'the insect, especially 
of the appearance"'of the' summer brood 'of worms, is of ut­
most importance in determining the, proper time to spray.
‘OBSERVATIONS AT AMESJ \
' FIRST .BROOD &OC &. \
In 1912 frequent observations were made in the Diggins 
orchard near Ames to determine when the first brood eggs 
might be expected. The first eggs were found in this orchard 
May 30 and on the following day they were more common. 
They were deposited on the leaves, on both surfaces. None 
had hatched May 31. The next notes of observations in this 
orchard, dated June 6, show some of the eggs had hatched, 
although many were still unhatched. On June 10 young larvae 
were found working into the small apples at the calyx, but 
there were still a few eggs unhatched. June 15 in the same 
orchard all the eggs found on the leaves had hatched.
No doubt the period in which the first brood eggs may be 
found is longer than that indicated by these notes. Only the 
dates are given on which eggs were actually seen.
FIRST BROOD LARVAE.
June 6 is the earliest date for the young larvae at work in 
the fruit at Ames, this being recorded on the same day in
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11911 and in 1912. By June 15, 1912, the larvae were common 
|n apples, which were at that time 1 to 1 y2 inches in diameter, 
[in 1889, Prof. C. P. Gillette, then experiment station ento­
mologist’ recorded young larvae in apples at Ames June 25, 
[when the fruit measured 1 inch in diameter. On June 25, 
11912. Dayton Stoner, insectary assistant, found1 larvae of 
[stages III, V  and VI. Similar conditions were found June 
) 1912,’ by Stoner, while examining wormy apples at
TABLE X I I — EMERGENCE OF MOTHS IN INSECT ARY.
1900 1910 1812 Total
1 1
1 1
— —
1 i
1 2
- -  -
2 4
2 3
1 3
i 2
2 2
i i
i 3
i 1
3 3
1 1
2
3 21
2
1 7
1 4
1
2 2
2 2
— - -
- 2
1 2
- -
m 1
- -
1 2
4 5
n
-- 1
- - —
—
"
JA. G. Hammar found six stages of codling-moth larvae in Michigan. (U. S. 
Dept. Agr. Bur. Ent. Bui. 116, part I, p. 82, 1912). The head widths taken by Mr. 
Stoner correspond with measurements given by Mr. Hammar for the stages indicated.
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Ames. July 3, 1913, George B. Hemenway and the writer 
found the first mature larvae, these having formed their cocoons 
under the hark of some wormy apple trees. Besides these, 
other larvae were found in apples, ranging from stage II to 
maturity. July 10, 1912, stages V and Y I were common, and 
July 13, 1912, Messrs. Stoner and Hemenway found pupae 
common within the cocoons under the bark. It is well known 
that the first brood larvae mature over a considerable length of 
time. As late as July 31, Messrs. Stoner and Hemenway found 
larvae of stages V  and YI.
SUMMER BROOD MOTHS.
The earliest date for the appearance of the moths of the 
summer brood at Ames is an insectary record in 1910, when a 
single moth emerged from a pupa within an apple July 8. On 
July 13, 1912, Messrs. Stoner and Hemenway found several 
moths in an orchard near Ames, most probably moths of the 
summer brood. Prof. C. P .. Gillette records the appearance 
of moths of this brood in a breeding cage July 19, 1889, at 
Ames. Table X II shows the appearance of the moths of the 
summer brood in insectary cages, compiled from the notes of 
three different years.
It will be noticed that 
while many moths emerged 
late in July, the greatest 
number came out during the 
first few days of August. 
This point is more graphic­
ally shown in figure 12, where 
the same data are plotted ac­
cording to weekly counts.
SECOND BROOD EGGS.
The earliest date for find­
ing the eggs of these summer 
brood moths at Ames is July 
14, (1911), when two were 
found on the surface of an 
apple. By July 24 empty 
eggs were common on apples 
so it was evident that the 
young larvae had appeared. These dates are exceptionally 
early, and it is probable that the long dry summer of that year 
accelerated the development of the codling-moth.
Although moths were recorded as early as July 13, in 1912, 
no eggs were seen until July 23, when Mr. Stoner found them 
fairly common on leaves and fruit. Some of these had already
Juiy. tluyust.
Fig. 12. Emergence of moths 
in insectary.
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Fig. 13. Band Record for 1909.
hatched. On August 3, 1909, and again on the same date in 
1912 the writer found the eggs common. T. M. McCall, in- 
j sectary assistant in 1910, found eggs ready to hatch on August 
5 of that year. In 1912 frequent observations by Dayton 
| Stoner and by the writer during the month of August showed 
that sound eggs were common all through the month | abun- 
; dant on the 3rd, 8th and 12th, becoming less numerous later 
; in the month. Sound eggs were found as late as September 
I 7, after which no more were seen.
In the earlier observations, late in July, Mr. Stoner found 
; the eggs about equally common on the fruit and the leaves. 
In August, however, they were much more abundant on the 
i foliage, according to observations by Mr. Stoner and by the 
| writer. Of 134 eggs found in the E. H. Graves orchard near 
; Ames on three different dates in August, 113 eggs were on 
' leaves, and but 21 on apples. There were not many apples on 
these trees.
SECOND BROOD LARVAE.
July 23 Stoner found empty eggs in the field. Now it is 
possible that these empty eggs may have been from the first 
brood, which had been for some time on the fruit where they 
were found. It cannot be said definitely to which brood they 
belonged. However, only 3 days later, on July 26, eggs found 
outside on July 23, hatched out in the insectary. Early in 
August, 1912, eggs were hatching out in abundance. The 
I;writer found many empty egg shells in the Graves orchard 
August 3, and also the small entrance holes of the second brood 
larvae in the fruit.
Beginning August 8, 1912, numerous unhatched eggs were 
brought in to the insectary, and records made of the time these 
hatched out. From the date given collections were made every 
3 or 4 days until September 7. Larvae hatched out in abun-
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dance August 10 to 26, after which time they appeared much 
less often. Eggs continued to hatch in early September and 
the last eggs hatched the 8th of that month.
£2
July Quyuót
1
It is evident, then, that the 
young larvae hatch out abundantly 
d u r i n g  practically the whole 
month of August.- At least such 
was the experience in 1912 at 
Ames.
Larvae may he found in the 
fruit as long as this remains on 
the trees in the fall, and are found 
present until about the middle of 
October. Since the band records 
are records of mature larvae, these 
will show the comparative abun­
dance of second brood larvae dur­
ing the late summer and fall.
BAND RECORDS.
Band records of codling-moth 
larvae have been taken at Ames 
during the past 4 years. In 3 of 
the 4 years the records were taken 
in the I. N. Briley orchard, in the 
remaining year in the Diggins or­
chard, near the college campus. 
In taking the band records given 
herewith the writer has had the 
assistance of Henry Ness, T. M. 
McCall, H. E. Ewing and George 
R. Hemenway.
Band Records for 1909.—In 1909 
twelve trees in the Briley orchard 
were handed for records which are 
given in Fig. 13. All hut 3 of 
these trees were sprayed, given 
either one or two applications, so 
the records do not show many 
larvae. According to these figures the second brood of larvae 
was not much more abundant than the first.
Band Records for 1910.-—The year 1910 is remembered by 
horticulturists on account of the early blossoming of fruit and 
the subsequent freeze, which cut short the Iowa apple crop to 
200,000 barrels. What fruit remained after the freeze was 
very wormy, for the freezing had not affected the codling- 
moth. Five apple trees in the Diggins orchard were banded
Fi ?. 14. 
1910.
Band Record for
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and counts as given in Fig. 14 were recorded. These show a 
great number of larvae maturing and caught under the bands 
from July 26 to August 2, after which there is a drop. Un­
fortunately for the record all five of these trees turned out to 
be early varieties, and the counts had to he discontinued after 
September 2, on account of the picking of the fruit.
Band Records for 1911.— Twelve trees in the I. N. Briley 
orchard were used for band records in 1911, the same trees 
used in 1909. Here again, the counts do not run up very high, 
since 9 of the 12 trees were sprayed. In 1911 the second brood 
was distinctly more abundant than the first. Most of the sec­
ond brood larvae emerged late in August, although on one 
day in September a considerable number were found.
Band Records for 1912.— Ten Ben Davis trees in the Briley 
orchards were banded in 1912 for records. None of these trees 
were sprayed that year and the crop was light and very wormy. 
The records, given in Fig. 16, are really the best of all four 
years. Bands were placed on the trees July 10 and records 
made twice a week until September 28. The second brood was 
very abundant, the larvae maturing rapidly early in Septem­
ber, as shown in the accompanying figure.
The Records Compared.—-Taking all four years together, the 
period when the greatest number of first brood larvae are 
maturing has come between July 17 and August 2; for the 
second brood, between August 24 ,and September 18. The 
point which marks the division of the two broods, shown by 
the scarcity of maturing larvae, has come between August 3 
and August 23, in the 4 years.
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OBSERVATIONS AT HAMBURG.
In 1912, during 3 weeks in July, numerous observations 
were made by the writer in southwestern Iowa. Most of this 
time was spent at Hamburg.
On July 11 at Hamburg the first codling-moth eggs belong­
ing to the second brood were found. These were rare, only 
two being found the first day, and these not over 3 days old. 
The eggs were found on an unsprayed Ben Davis tree at the 
Simons orchard, a tree that had been missed because it was 
rather inaccessible. By examining the bark on the trunk of 
this tree 10 empty pupae skins of the codling-moth were dis­
covered, all quite fresh. The moths evidently had emerged 
within a few days.
During the next few days at Hamburg only a few eggs were 
found and not until July 15 were they common. On this date 
unhatched eggs were abundant in a small Ben Davis orchard 
just north of Hamburg, belonging to E. A. Smith.
Some of these sound eggs on apples were collected July 15 
but when these eggs were examined the next day, most of them 
had hatched. This date, then, is the earliest observed at Ham­
burg for the hatching of the second brood larvae. The egg- 
hatching continued throughout the month and very young 
larvae were noticed tunneling into the fruit July 24 in some
numbers, and thereafter 
until July 30, the date of 
the last observations.
An attempt was made to 
correlate the ripening of 
certain summer apples at 
Hamburg with the hatch­
ing of the second brood of 
codling-moth eggs. For 
instance a few Yellow 
Transparent apples at the 
C. E. Mincer orchard 
were ripe July 12, and on 
July 18 ripe apples were 
fairly common. Since the
first eggs to hatch were observed July 16, the dates coincide I 
well. These apples were picked July 24. Duchess apples 
were being shipped out from Hamburg July 25 and Red 
Astrachan apples were also ripe at that time.
Any attempt to generalize on such a correlation must be re­
garded as tentative, until more data have been accumulated. 
From the observations ¿it Hamburg in 1912, it may be said 
that the first codling-moth eggs hatched about the time that | 
the first Yellow Transparent apples ripened. By the tim'e
July tfuyust Je/>ternier
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these apples were picked the egg hatching was well under way. 
From these dates it would appear that any summer spraying, 
applied with the intention of catching the first of the second 
brood larvae, should be applied when the first of the Yellow 
Transparent apples ripen, and before those apples are picked.
If this correlation holds true each year, it would result in 
establishing a more dependable date for the hatching of the 
eggs than the mere date of the month, since there are varia­
tions in the advancement of the season in different years.
EFFECT OF 1910 FREEZE ON CODLING-MOTH.
The late freeze in the spring of 1910 caused the codling-moth 
to drop out of sight in certain localities in Iowa. Where there 
were absolutely no apples, or other fruits for the larvae to 
breed in, the insect was practically wiped out. But where 
there were even a few apples, these were wormy and the in­
sect was able to carry itself through the season without great 
difficulty. The effect on the codling-moth was no doubt in­
direct, since there was no fruit left for the larvae to eat. The 
[freeze itself probably had no direct effect in killing the larvae 
or pupae in their cocoons.
In Mills county practically no fruit survived the freeze. July 
19, 1911, the year after the freeze, the writer spent a whole 
day in orchards in the vicinity of Glen wood, and found but a 
single wormy apple. A  few empty egg shells were found, but 
| no other indications of the insect. On September 19 at the 
I same place a few second brood larvae were found, but these 
[were rare. In fact unsprayed orchards at Glenwood in 1911 
were just as clear from infestation by the codling-moth as 
were sprayed orchards.
No observations were made at Glenwood in 1912 by the 
| writer but Laurenz Greene, assistant chief in horticulture at 
I station, reports that the worms had increased considerably 
i during the year, although the infestation was scattered.
1 Around Hamburg in 1910 there was some fruit, and this 
allowed the codling-moth to breed through the year, but not to 
any great extent. In the Simons orchard on July 20, 1911, the 
[writer could not find a single wormy apple in the orchard 
proper, although infested fruits were found on an isolated, un- 
I sprayed apple tree near the house. That same day in the or- 
I chard of J. M. Bechtel more wormy apples were found, but t,l?.e 
Bechtel orchard had more fruit the year before than the Simons 
[place, hence the insect had a better chance to survive.
In 1912 at Hamburg it was quite evident that the codling- 
Imoth had regained all of its lost ground. Unsprayed orchards 
were exceptionally wormy, even in July, and a rather large
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second brood increased the worminess to a high degree. Even 
in well sprayed orchards growers complained of the abundance 
of worms, although when compared to unsprayed trees their own 
trees had relatively few wormy fruits.
Around Ames, there was some fruit in 1910, and this was 
very wormy. By the next year at Ames the codling-moth was 
present in its normal abundance.
OBSERVATIONS ELSEWHERE IN IOWA.
Occasional observations on the codling-moth were made else­
where in the state in connection with other work and a sum­
mary of these notes is given herewith. They will convey some 
idea as to the appearance of different stages of the insect at 
the time and place given.
Woodbine ----------- ------July 9, 1912--------------- Mature larvae found. No pupae.
L o g a n ----------------------- July 9, 1912_____ ____ Mature larvae common. One pupa
found.1
Council Bluffs----------- July 10, 1912_________ Pupae and mature larvae common. One
empty pupa skin seen.
Defiance ----------------- July 18, 1911.-------------Eimpty eggs common on fruit and leaves.2
No sound eggs seen.
Gleowood ----------------- July 19, 1911--------------A few empty eggs found.
Council Bluffs-------- — July 19, 1912-------------- Unhatched eggs found. Not common.
Arlington — g----------- - August 3, 1910-----------Eggs common but most of them had
hatched; some still hatching.
1At Logan, July 9, the writer saw many empty codling-moth eggs on apples, 
but yet found only a single sound pupa after careful search under bark in a badly 
infested orchard. It was apparent that no moths of the summer brood had yet 
emerged, so that the empty eggs must have been first brood eggs.
2It is aliso probable that most of the empty eggs seen at Defiance were first brood 
eggs, which had remained on the leaves and fruit until midsummer.
POSSIBILITY OF A  PARTIAL THIRD BROOD.
C. E. Mincer of Hamburg, Iowa, reports that young larvae 
have been found in apples in September and October at that 
place, suggesting the possibility that at least a partial third 
brood might be present in some years. About September 15, 
1910, Mr. Mincer observed young larvae abundant in Greening 
and Salome apples. These larvae, however, were probably only 
delayed individuals of the second brood. At Ames egg hatching 
continues into early September.
Again about October 10, 1911, Mr. Mincer found young lar­
vae in Jonathan apples in some numbers. It is possible that this 
case may be really one of a partial third brood, especially since 
L. M. Peairs1 has recorded strong evidence of a partial third 
brood in northeastern Kansas in 1911. Mr. Peairs found many 
pupae under bands during September and in October he found 
young larvae very common in fruit at picking time. It seems 
probable that, as Peairs suggests, the long drought during the 
spring and summer of 1911 accelerated the development of the 
insect and so caused the abnormal abundance of larvae late in 
the season.
iJourn. Econ. Ent., vol. V ., p. 248, 1912.
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NATURAL ENEMIES.
In the observations on the codling-moth in the state only one
natural enemy was abundant. This was a tiny egg parasite 
(Trichogramma m inutum  
Riley), common as an enemy 
to this insect as well as to 
other pests.
At Hamburg in 1912 this 
little p a r a s i t e  was very 
abundant late in July, and 
was an important factor in 
the control of the second
brood. From eggs collected 
at Hamburg and sent to the 
insectary at Ames, some of 
these parasites were reared; 
emerging from July 28 to 
August 9.
Again at Ames in late
August and early Septem-
Fig\ 17. T richogram m a m inutum . A n  her this same egg parasite
ia?ged.raSAfter Rney°dlms:~moth' Bn' became common. Parasit­
ized eggs were not observed, 
until late in August, and the parasites themselves were reared 
in the insectary from August 27 until September 12.
Codling-moth eggs attacked by this tiny parasite turn black 
instead of developing in the normal manner through the “ red 
ring”  and “ black spot”  stages. Often two or three of these 
little fellows were reared from a single egg. Since the eggs 
themselves are only about 1-25 of an inch in breadth one may 
be able to make a rough guess of the minute size of the parasites.
Although great numbers of codling-moth larvae were handled 
in the Iowa work no parasites of the larvae were noticed.
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